Summnary. Enzymes of the reductive pentose phosphate cycle including ribulosediphosphate carboxylase, ribulose-5-phosphate kinase, ribose-5-phosphate isomerase, aldolase, glyceraldehyde-3-phosphate dehydrogenase and alkaline fructose-1,6-diphosphatase were shown to be present in autotrophically grown Rhodospirillum rubrumn. Enzyme levels were measured in this organism grown photo-and dark heterotrophically as well. Several, but not all, of these enzymes appeared to be under metabolic control, mediated by exogenous carbon and nitrogen compounds. Light had no effect on the presence or levels of any of these enzymes in this photosynthetic bacterium.
In the previous 2 papers (1, 2) we have shown that the photometabolism of CO2 and various other carbon compounds in the facultative photosynthetic bacterium Rhodospirillumn rubrum is under strict metabolic control. The reductive pentose phosphate cycle operates at significant levels only under strict atutotrophic conditions of growth. Yet all previous work on the photosynthetic carbon metabolism of R. rubrum has been done with cells grown on either acetate or malate.
Although work proposing both an anaerobic tricarboxylic acid cycle (10) and a reductive pentose phosphate cycle (1) in R. rubrutm has been carried out, the levels of the various enzymes involved in these reactions in this organism have not been measured under any conditions of growth. It is not at all clear whether all of the enzymes of the reductive pentose phosphate cycle function in photosynthetic bacteria or if the properties of the enzymes are similar to those in plants and algae. Previouisly very high levels of the specific activity of ribulose 1,5-diP carboxyl,ase in the obligate anaerobic photosynthetic bacteria Chromatium have been reported (9) . There appears to be no structural associatioln of this enlzyme with the 1 With the above considerations in mind, a survey of some of the key enzymes of both the reductive pentose ph,osphate and the tricarboxylic acid cycles and their levels of activity as affected by light and(l various metabolic variables was undertaken.
Materials and Methods
Culture of Organism1ts. R. rubrum, strain S-1, was grown on the same basic media which have been described previously (1, 2 The level of glyceraldehvde 3-P dehydrogenase, as measured in these experiments, is highest in the autotrophs and in the acetate photoheterotrophs. The levels of activity in both the light and in dark grown malate heterotrophs are 4-fold lower than in the atutotrophs. Clearly this enzyme is subject to a form of metabolic control related to photosynthetic carbon metabolism. Similar results have been obtained with Chromatium (11) . In green plants the nucleotide specificity of this enzyme is inder comparable control (8).
Alkaline fruictose 1,6-diP phosphatase in R. rubrumt appears to be induced under conditions of autotrophy. This enzyme has been shown to be associated with the chloroplast in green plants and to be light induced in the algae, Eutglena (25 Enolase activity was essentially the same regar(dless of the mode of growth. It has been postuilated that the enzymes of the Embden-Mleverhof pathway (from glyceraldehyde 3-P dehvdrogenase throuigh enolase) are tinider the control of a single genetic system (22) . If this is truie in R. rubrurm then the relative activity of this pathway excluisive of glyceraldehyde 3-P (lehydrogenase is unaffected by light or by the carbon or nitrogen source used for growth.
All of the enzymes of the tricarboxylic acid cycle were found in R. rubrum grown under the conditions tested. The condensing enzyme appears to be tinder metabolic control in this organism, as does isocitric dehydrogenase, malic dehydrogenase and possibly a-ketoglutaric dehydrogenase. The present experiments are not sufficiently detailed to allow speculation as to the details of the control of these 3 enzymes; 02 tension probably influences the first 3 mentioned enzyme levels since they are significantly higher in L-malate, ammonium stilfate ctiltures grown aerobically than phototrophically.
Fumarase in extracts of the hydrogen evolving photoheterotroph appears to have quite different properties from the fumarase in extracts prepared from non-hydrogen evolving forms. This enzyme has been shown to be under allosteric control in several organisms (4) . It is tempting to correlate the requirement for thiol with the ability of the cell to produce hydrogen. It is clear from these experiments that the photoevolution of hydrogen is not controlled by simple adaptive formation of 1 or more enzymes of the tricarboxylic acid cycle, since light has little or no effect on the levels of the tricarboxylic acid cycle enzymes.
Metabolic control in this organism appears to be mediated entirely by the nature of the carbon and nitrogen sources utilized for growth. Light had no demonstrable effect on the presence or levels of any of the enzymes of photosynthetic and heterotrophic carbon metabolism studied.
